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air flowing direction. Thus, the air to come in from an air
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Description
TECHNICAL FIELD

[0001] The present invention relates to a washingma-
chine (electric washing machine), and more particularly,
it relates to a washing machine including a mechanism
purifying water used for washing with ozone. The present
invention also relates to an ozone generator for purifying
such water employed for purification, sterilization, deo-
dorization etc.

PRIOR ART

[0002] A washing machine capable of recycling water,
formed by providing a water storage tank in a housing
separately from a washing tub for reserving water used
in the washing tub in the water storage tank so that the
water can be reused in the washing tub is proposed in
Japanese Unexamined Patent Publication No.
2005-124626 (Patent Document 1).

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED

[0003] The washing machine described in the Patent
Document 1 has such a disadvantage that the same
merely filtrates the water with a lint capturing means when
reserving the water in the water storage tank and cannot
sufficiently purify the water.

[0004] In the washing machine having the water stor-
age tank as described in the Patent Document 1, there-
fore, it is conceivable to purify the water reserved in the
water storage tank with ozone. In this case, an ozone
generator for generating the ozone must be incorporated
into the housing of the washing machine. The ozone gen-
erator generates the ozone by silent discharge ingeneral,
and hence a high voltage is applied thereto. In consider-
ation of safety, therefore, the ozone generator must be
arranged in a state untouchable by the user when the
user operates the washing machine or performs simple
maintenance.

[0005] While the washing machine is a machine treat-
ing water, a discharge electrode of the ozone generator
cannot generate ozone if wet with the water or supplied
with highly humid air. In the housing of the washing ma-
chine, therefore, the ozone generator must be provided
in a state isolated from water wetting.

[0006] Further, the water storage tank is also arranged
in the housing of the washing machine in addition to the
washing tub, and only a small-sized ozone generator can
be arranged in the housing having a limited internal vol-
ume.

[0007] The present invention has been proposed un-
der such circumstances, and a main obj ect thereof is to
provide a washing machine having an ozone generator
in which a countermeasure against water wetting is taken
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with high safety.

[0008] Anotherobject of the presentinventionis to pro-
vide a washing machine having a mechanism purifying
washing water into which a small-sized ozone generator
having excellent ozone generating efficiency is incorpo-
rated.

[0009] Still another object of the present invention is
to provide an ozone generator utilizable for purification,
sterilization, deodorization etc., also applicable to an ap-
paratus other than the washing machine.

SOLUTIONS TO THE PROBLEMS

[0010] Theinvention according to Claim 1 is awashing
machine comprising a housing constituting the outer shell
of the washing machine; a washing tub provided in the
housing for reserving water and storing and washing
clothes; a tank provided in the housing for reserving the
water discharged from the washing tub after used in the
washing tub; and a purifying means for purifying the water
reserved in the tank, wherein the purifying means in-
cludes an ozone generator for generating ozone by dis-
charge, the ozone generator comprises: a casing having
an air inlet port, an ozone outlet port and a treating pas-
sage formed between the air inlet port and the ozone
outlet port; an ozone generating electrode provided in
the treating passage for generating ozone by performing
creeping discharge on air flowing through the treating
passage; a frame for holding the casing on an upper por-
tion; an electric circuit board arranged in the frame for
performing energization control on the ozone generating
electrode; and a connecting portion facing into the frame
for connecting the electric circuit board and the ozone
generating electrode with each other, and fire-retardant
insulating resin is filled in the frame to seal the electric
circuit board and the connecting portion.

[0011] Theinvention accordingto Claim 2 is a washing
machine comprising: a housing constituting the outer
shell of the washing machine; a washing tube provided
in the housing for storing and washing clothes; and an
ozone generator for deodorizing and sterilizing the
clothes by supplying ozone to the clothes stored in the
washing tub, wherein the ozone generator comprises: a
casing having an air inlet port, an ozone outlet port and
a treating passage formed between the air inlet port and
the ozone outlet port; an ozone generating electrode pro-
vided in the treating passage for generating ozone by
performing creeping discharge on air flowing through the
treating passage; a frame for holding the casing on an
upper portion; an electric circuit board arranged in the
frame for performing energization control on the ozone
generating electrode; and a connecting portion facing in-
to the frame for connecting the electric circuit board and
the ozone generating electrode with each other, and fire-
retardant insulating resin is filled in the frame to seal the
electric circuit board and the connecting portion.

[0012] The invention according to Claim 3 is the wash-
ing machine according to Claim 1 or 2, wherein the casing
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includes: a case base forming one side of a case formed
by the upper surface of the frame; and a case cap de-
tachably attached to the case base for forming the re-
maining side of the case.

[0013] Theinvention according to Claim 4 is the wash-
ing machine according to any one of Claims 1 to 3, where-
in at least two leaves of ozone generating electrodes are
arranged in series along an air flowing direction.

[0014] The invention according to Claim 5 is the wash-
ing machine according to any one of Claims 1 to 4, where-
in the treating passage includes a turnaround passage
having a first half portion guiding air entering from the air
inlet port to a first direction and allowing the same to U-
turn on an intermediate position and a second half portion
guiding the air to a direction opposite to the first direction
and discharging the same from the ozone outlet port.
[0015] The invention according to Claim 6 is the wash-
ing machine according to Claim 5, wherein the air inlet
port and the ozone outlet port are arranged adjacent to
each other.

[0016] The invention according to Claim 7 is the wash-
ing machine according to any one of Claims 1to 6, where-
in two ozone outlet ports are provided.

[0017] The invention according to Claim 8 is an ozone
generator for performing purification, sterilization, deo-
dorization etc., comprising: a casing having an air inlet
port, an ozone outlet port and a treating passage formed-
between the air inlet port and the ozone outlet port; an
ozone generating electrode for generating ozone in the
treating passage by performing creeping discharge on
air flowing through the treating passage; a frame for hold-
ing the casing on an upper portion; an electric circuit
board arranged in the frame for performing energization
control on the ozone generating electrode; and a con-
necting portion facing into the frame for connecting the
electric circuit board and the ozone generating electrode
with each other, and fire-retardant insulating resin is filled
in the frame to seal the electric circuit board and the con-
necting portion.

[0018] Theinvention according to Claim 9 is the ozone
generator according to Claim 8, wherein at least two
leaves of ozone generating electrodes are arranged in
series along an air flowing direction, and the ozone gen-
erator has a check valve inserted between the treating
passage and the ozone outlet port for allowing the air to
flow from the treating passage to the ozone outlet port
but preventing water from entering into the treating pas-
sage from the ozone outlet port.

[0019] The invention according to Claim 10 is the
ozone generator according to Claim 8 or 9, wherein the
treating passage includes a turnaround passage having
a first half portion guiding air entering from the air inlet
port to a first direction and allowing the same to U-turn
on an intermediate position and a second half portion
guiding the air to a direction opposite to the first direction
and discharging the same from the ozone outlet port.
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EFFECT OF THE INVENTION

[0020] In the invention according to Claim 1 or 2, the
electric circuit board performing energization control of
the ozone generating electrode is stored in the frame
supporting the casing for ozone generation, and the con-
necting portion for connecting the electric circuit board
and the ozone generating electrode with each other faces
into the same. The electric circuit board and the connect-
ing portion are sealed with the fire-retardant insulating
resin. Therefore, an ozone generator improved in both
of water wetting and insulation performance and compact
as a whole is implemented.

[0021] Intheinvention according to Claim 3, the ozone
generating electrode requiring maintenance due to aged
deterioration following use can be exposed by detaching
the case cap from the case base. Therefore, a compact
ozone generator having excellent maintainability can be
provided.

[0022] According to the invention described in Claim
4, at least two leaves of ozone generating electrodes are
provided on the ozone generator. The two leaves of
ozone generating electrodes are arranged in the treating
passage in series along the air flowing direction. There-
fore, the air entering from the air inlet port first flows along
the surface of the first ozone generating electrode, and
receives creeping discharge of the first ozone generating
electrode to generate ozone in this period. Then, the air
generating the ozone further flows in the treating passage
toward the second ozone generating electrode, and re-
ceives creeping discharge to further generate ozone
when flowing along the second ozone generating elec-
trode.

[0023] Thus, two-stage ozone generation treatment
can be performed on the air flowing in the treating pas-
sage by the two leaves of ozone generating electrodes
arranged in series along the air flowing direction. There-
fore, high concentration ozone gas flows out from the
outlet.

[0024] Even if factors (ammonia gas, insulating small
foreign matter etc., for example) hindering generation of
the ozone contained in the air entering from the air inlet
port adhere to one of the electrodes, particularly the elec-
trode closer to the air inlet port to slightly deteriorate the
ozone generating ability of this electrode, the other elec-
trode continues a constant quantity of ozone generation,
and hence the ozone generator can be used over a long
period in a maintenance-free manner.

[0025] When at least two leaves of ozone generating
electrodes are arranged in the treating passage in series,
the passing air receives the creeping discharge twice to
excellently generate the ozone, while the number of the
ozone generating electrodes is not restricted to two but
not less than three ozone generating electrodes may be
arranged in series.

[0026] Inthe invention according to Claim 5, the treat-
ing passage includes the turnaround passage. There-
fore, a compact treating passage in which the two ozone



5 EP 1 975 299 A1 6

generating electrodes are arrangeable in series can be
constituted in the casing without increasing the length of
the casing. In other words, the treating passage for ar-
ranging the two leaves of ozone generating electrodes
can be compactly formed without lengthening the same.
[0027] In the invention according to Claim 6, the air
inlet port and the ozone outlet port are adjacent to each
other, with such an advantage that the direction for
mounting the ozone generator can be easily decided.
[0028] Intheinvention according to Claim 7, the ozone
can be supplied from the two ozone outlet ports to differ-
ent places in the washing machine respectively. For ex-
ample, the ozone flowing out from one of the ozone outlet
ports can be employed for purifying the water in the tank,
while the ozone flowing out from the other ozone outlet
port can be employed for deodorizing and sterilizing the
clothes in the washing tub.

[0029] Intheinventionaccordingto Claim9, acompact
ozone generator capable of generating ozone having
high concentration, capable of preventing the ozone gen-
erating electrodes from wetting when utilized for water
purification, for example, and having high reliability can
be provided.

[0030] More specifically, the ozone outlet port of the
ozone generator employed for water purification is con-
nected to a tank or the like reserving the water to be
purified, or connected to a water circulating pump. There-
fore, there is such a possibility that the water flows back-
ward through the ozone outlet port, the ozone in the treat-
ing passage gets wet and the ozone generator cannot
generate ozone.

[0031] The backwardly flowing water can be prevented
from flowing into the treating passage through an ozone
supply path by inserting the check valve (non-return
valve) between the treating passage and the ozone outlet
port as described in Claim 9, and the ozone generator
can be improved in reliability.

[0032] In the invention according to Claim 10, the two
ozone generating electrodes can be excellently arranged
in the treating passage without lengthening the treating
passage similarly to the invention according to Claim 5,
and a compact ozone generator can be implemented.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033]

[FIG. 1] A perspective view of a washing machine
according to an embodiment of the present inven-
tion.

[FIG. 2] A schematic side sectional view showing a
section of the washing machine according to the em-
bodiment of the present invention cut along a vertical
plane along the anteroposterior direction as viewed
from a side portion.

[FIG. 3] A perspective view for illustrating an internal
structure (arrangement of respective structural ele-
ments) of a lower portion of the washing machine
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according to the embodiment of the present inven-
tion.

[FIG. 4] A perspective view of an ozone generator
47 according to the embodiment of the present in-
vention.

[FIG. 5] A perspective view showing states of a treat-
ing passage and ozone generating electrodes ar-
ranged in the treating passage by detaching a case
cap from the ozone generator shown in FIG. 4.

DESCRIPTION OF THE REFERENCE NUMERALS
[0034]

1 washing machine

2 housing

3 drum (washing tub)

4 tank

5 outer tub (washing tub)

47 ozone generator (purifying means)
135 frame

136 casing

138 electric circuit board

142 case base

144 case cap

145 air inlet port

146 first ozone outlet port

147 second ozone outlet port

151 check valve

152 treating passage (white arrow)
156, 157 ozone generating electrode

BEST MODE FOR CARRYING OUT THE INVENTION

[0035] Anembodiment of the present invention is now
specifically described with reference to the drawings.
[0036] FIG. 1 is a perspective view of a washing ma-
chine according to the embodiment of the present inven-
tion, as viewed obliquely from the front upper right.
[0037] The outer shell of this washing machine 1 is
constituted of a housing 2 somewhat long in the vertical
direction. A water inlet 9 is provided on the upper surface
of the housing 2, and water supply equipment such as
waterworks is connected to this water inlet 9. An opera-
tion panel 100 is arranged on a front upper portion of the
housing 1. The user can desiredly drive the washing ma-
chine 1 by operating the operation panel 100.

[0038] A storage portion 7 for storing a detergent and
a softening agent is arranged on the left side of the op-
eration panel 100 in a drawable manner.

[0039] The lower portion of the front surface of the
housing 2 is uprighted, and the front surface is loosely
inclined obliquely backward from an intermediate posi-
tion, as viewed from below. A door 6 is provided on a
central portion of the front surface closer to the upper
side. The door 6 is in the form of a square having rounded
corners as viewed from the front side, and includes a
circular seal packing (not shown) for blocking an outer
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tub 5 described later.

[0040] The lower portion of the front surface of the
housing 2 is formed by an independently detachable front
panel 2a, and the front panel 2a is so detached that the
lower front portion of the washing machine 1 is exposed
and maintenance of a pump, a changeover valve and a
filter unit provided on the lower front portion can be easily
performed.

[0041] Further, a window 130 is formed on the right
side of the front panel 2a, and the window 130 is covered
with a lid 131. When the lid 131 is detached, the filter unit
is so exposed that lint etc. captured by the filter unit can
be easily removed.

[0042] A rear portion of the upper surface of the hous-
ing 2 forms a low-stage surface 2b lowered by one stage.
The height of the housing 2 is relatively large, and hence
the upper portion of the housing 2 may interfere with a
water tap or the like when this washing machine 1 is to
be installed. Therefore, the low step surface 2b is formed
on the rear portion of the upper surface, so that the wash-
ing machine 1 can be arranged with no hindrance even
if the water tap is provided on a low position.

[0043] FIG.2is aschematic side sectional view show-
ing a section of the washing machine according to the
embodiment of the present invention cut along a vertical
plane along the anteroposterior direction as viewed from
a side portion. In relation to the washing machine 1 ac-
cording to this embodiment and the structural elements
(structural components) thereof, the following description
is made on the assumption that the left side in FIG. 2 is
the front surface (front) side, the right side is the rear
surface (rear) side, the upper side is the upper surface
(upper) side, the lower side is the bottom surface (lower)
side, this side is the right side, and the other side is the
left side.
[0044]
2.
[0045] The drum 3 is in the form of a cylinder, and
coaxially stored in the identically cylindrical outer tub 5.
According to this embodiment, the drum 3 and the outer
tub 5 constitute a washing tub, and the front portion of
the drum 3 is directed obliquely upward to provide the
so-called oblique drum arrangement structure. The front
end surfaces of the drum 3 and the outer tub 5 are open,
and the door 6 is provided on the front surface of the
housing 2 in order to block the same. An unshown motor
is provided at the back of the rear end surface of the outer
tub 5, and the drum 3 is rotated by the motor (not shown)
about the central axis of the drum 3.

[0046] A water pipe 8 arranged in the housing 2 is con-
nected to the water inlet 9 provided on the upper surface
of the housing 2 through a first changeover valve 44
which is a four-way valve. Another end of the water pipe
8 opposite to the end connected to the water inlet 9 is
connected to the uppermost portion of the peripheral wall
of the outer tub 5, and the water inlet 9 and the outer tub
5 communicate with each other through the water pipe
8. The storage portion 7 for storing the detergent and the

Adrum 3is arranged at the centerin the housing
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softening agent is arranged on an intermediate position
of the water pipe 8.

[0047] The storage portion 7 has a box (not shown)
drawable frontward from the housing 2, and the box is
partitioned into a detergent storage chamber and a sof-
tening agent storage chamber. The box is drawn, the
detergent and the softening agent are stored in the re-
spective chambers, and the box is shoved, so that the
detergent and the softening agent are completely set.
When water is supplied from the water pipe 8 to the stor-
age portion 7, the detergent and/or the softening agent
stored in the detergent storage chamber and the soften-
ing agent storage chamber respectively is dissolved in
the water supplied through the water pipe 8 and supplied
into the outertub 5. Itis also selectively possible to supply
water in which the detergent and/or the softening agent
is not dissolved into the outer tub 5.

[0048] An end of a priming pipe 48 is connected to a
vertical intermediate position of the rear side surface of
the storage portion 7. The other end of the priming pipe
48 is connected to a pump 33 provided in the housing 2,
to supply priming from the storage portion 7 to the pump
33 when the pump 33 is driven to draw water.

[0049] The water pipe 8 branches into a detergent wa-
ter pipe 42 and a softening agent water pipe 43 at the
first changeover valve 44, while the detergent water pipe
42 and the softening agent water pipe 43 join each other
at the storage portion 7.

[0050] The first changeover valve 44 includes an inlet
receiving the water from the water inlet 9, a detergent
water outlet 45 linked to the detergent water pipe 42 and
a softening agent water outlet 46 linked to the softening
agent water pipe 43.

[0051] Therefore, it is selectively possible to feed the
water entering from the inlet of the first changeover valve
44 from the detergent water outlet 45 to the aforemen-
tioned detergent storage chamber of the storage portion
7 through the detergent water pipe 42 or from the soften-
ing agent water outlet 46 to the aforementioned softening
agent storage chamber of the storage portion 7 through
the softening agent water pipe 43 by switching the first
changeover valve 44.

[0052] Washing and spin-drying in this washing ma-
chine 1 are now specifically described. The door 6 is
opened to introduce clothes to be washed into the drum
3 from the front side of the housing 2. After the door 6 is
closed, the water from the water pipe 8 is reserved in the
outertub 5in washing. While the outertub 5 is constituted
in an airtight and fluid-tight manner, a large number of
pores are formed on the peripheral surface of the drum
3. Whenthe waterisreservedinthe outertub 5, therefore,
the reserved water also enters into the drum 3, so that
the water for washing is reserved also in the drum 3. An
unshown baffle is protrusively provided on a proper por-
tion of the inner peripheral surface of the drum 3.
[0053] When the drum 3 is rotated by the motor (not
shown), the water-containing clothes in the drum 3 are
lifted by the baffle (not shown) and subjected to the so-
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called beat washing with gravity drop.

[0054] A backwardly open exhaust port 10 is formed
on the lowermost end, i.e., the lower portion of the rear
end surface of the outer tub 5, and an exhaust valve 12
is mounted on the rear side thereof. A downwardly ex-
tending drainpipe 11 is connected to the exhaust valve
12, and a filter unit 14 and a second changeover valve
13 are interposed on an intermediate position thereof in
this order. A branch pipe 15 as a tank channel is con-
nected to the filter unit 14 independently of the exhaust
pipe 11, and it is possible to select whether to continu-
ously discharge the water passing through the filter unit
14 from the housing 2 along the exhaust pipe 11 or to
discharge the same to the branch pipe 15 by switching
the second changeover valve 13.

[0055] The positions of the exhaust port 10 and the
exhaust valve 12 can be rendered generally equal to the
height of the lowermost end of the outer tub 5 by opening
the exhaust port 10 toward the rear portion of the outer
tub 5 and arranging the exhaust valve 12 at the back
thereof. Thus, the exhaust port 10 and the exhaust valve
12 do not enter into the arrangement space for various
structural elements arranged under the outer tub 5, but
the arrangement space for the various structural ele-
ments can be widely ensured. Particularly when the
washing machine 1 is driven, the outer tub 5 so vibrates
that the exhaust valve 12 also vibrates following the vi-
bration of the outer tub 5 if the exhaust port 10 and the
exhaust valve 12 fixed to the outer tub 5 protrude down-
ward beyond the outer tub 5, and hence the lower space
must be ensured in consideration of this vibration. Ac-
cording to this embodiment, the exhaust port 10 and the
exhaust valve 12 are arranged through the rear portion
of the outer tub 5, whereby the lower space of the outer
tub 5 can be excellently used for arranging the remaining
structural elements.

[0056] When the exhaust valve 12 and the second
changeover valve 13 are rendered "open", the water in
the outer tub 5 is discharged from the housing 2. When
the exhaust valve 12 is rendered "open" and the second
changeover valve 13 is rendered "closed", on the other
hand, the water in the outer tub 5 flows out to the branch
pipe 15 through the filter unit 14.

[0057] After the water in the outer tub 5 is discharged,
the drum 3 is spin-dry-rotated (high-speed-rotated) by
the motor (not shown), and moisture contained in the
clothes is eliminated.

[0058] The washing machine 1 according to this em-
bodiment can perform drying, in addition to washing and
spin-drying. Therefore, an outlet 17 of a dry air duct 16
is connected to the lower portion of the rear end surface
of the outer tub 5. The dry air duct 16 extends obliquely
upward along the rear end surface of the outer tub 5,
reaches the front side along the upper portion of the outer
tub 5 and extends frontward along the upper peripheral
surface of the outer tub 5, and the forward end thereof
is connected to the front peripheral surface of the outer
tub 5 as aniinlet 18. Thus, the outer tub 5 and the dry air
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duct 16 communicate with each other. The region of this
dry air duct 16 extending obliquely upward along the rear
end surface of the outer tub 5 functions as a dehumidi-
fying pipe 19. The clothes are so dried that the moisture
contained in the clothes is vaporized into steam, and the
high-temperature humid air in the drum 3 containing this
steam outgoes from the outlet 17 and moves upward in
the dehumidifying pipe 19. At this time, water supplied
from a heat exchanger water pipe 49 is dropped in the
dehumidifying pipe 19. More specifically, an end of the
heat exchanger water pipe 49 is connected to the first
changeover valve 44, and the other end thereof is con-
nected to the upper portion of the dehumidifying pipe 19.
Therefore, the first changeover valve 44 is so switched
that the water from the water inlet 9 is dropped from the
heat exchanger water pipe 49 into the dehumidifying pipe
19. Water can be supplied into the dehumidifying pipe
19 also from a heat exchanger tank water pipe 24 as a
dehumidifying water channel, independently of the heat
exchanger water pipe 49.

[0059] When the wateris dropped in the dehumidifying
pipe 19, this water and the high-temperature humid air
perform heat exchange, to cool and dehumidify the high-
temperature humid air. The water and moisture liquefied
upon dehumidification drop in the dehumidifying pipe 19,
and thereafter reach the exhaust port 10 from the outlet
17 through the outer tub 5.

[0060] In the dry air duct 16, a filter 20 is interpolated
on the downstream side of the dehumidifying pipe 19 as
viewed along the air flowing direction, and a blower 21
is further provided on the downstream side thereof. The
blower 21 is so rotated that the air in the drum 3 outgoes
from the outlet 17, is moved in the dry air duct 16, and
supplied into the drum 3 from the inlet 18 again. A heater
22isinterpolated in the dry air duct 16 on the downstream
side of the blower 21. The air passing through the dry air
duct 16 is dehumidified in the dehumidifying pipe 19,
thereafter heated by the heater 22, and supplied to the
drum 3 from the inlet 18.

[0061] Atank4is provided underthe drum 3. This tank
4 is a tank having a closed structure, for reserving the
water after the same is reserved in the outer tub 5 and
used. In order to guide the water from the outer tub 5 to
the tank 4, the other end of the branch pipe 15 opposite
to the end connected to the filter unit 14 opens in the tank
4. More specifically, a water storage valve 25 is inter-
posed in an intermediate position of the branch pipe 15,
the branch pipe 15 extends obliquely upward from the
filter 14 toward the water storage valve 25 in the range
from the filter 14 up to the water storage valve 25 and
extends downward from the water storage valve 25 to
pass through the upper surface of the tank 4, while the
other end of the branch pipe 15is arranged on a vertically
intermediate position in the tank 4.

[0062] Therefore, the second changeover valve 13 is
closed while the exhaust valve 12 and the water storage
valve 25 are opened, so that the water of the outer tub 5
is guided into the tank 4.
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[0063] An end of an air vent hose 51 is connected to
the tank 4. The air vent hose 51 extends upward from
the tank 4 through the rear portion of the outer tub 5, and
the other end thereof is connected to the upper portion
of the dehumidifying pipe 19. Thus, the tank 4 and the
dry air duct 16 communicate with each other.

[0064] The tank 4 includes a pressure-regulating
drainpipe 27 as an overflow channel (tank overflow chan-
nel) having an inlet 26 opening in the tank 4. A check
valve 28 is intercalated into an intermediate position of
the pressure-regulating drainpipe 27. An outlet side of
the pressure-regulating drainpipe 27 joins the drainpipe
11 on the downstream side of the second changeover
valve 13.

[0065] An overflow pipe 23 as a washing tub overflow
channel is connected to the pressure-regulating drain-
pipe 27. When water is supplied into the outer tub 5 in
excess of a prescribed quantity, therefore, the water ex-
ceeding the prescribed quantity overflows the outer tub
5 through the overflow pipe 23, and is discharged from
the machine through the drainpipe 11.

[0066] The tank 4 is provided with a circulating pipe 32
connecting an outlet 31 and an inlet 30 formed on the
side portion thereof with each other, in order to circulate
the water reserved in the tank 4. A pump 33, a third
changeover valve 34 and an ejector 35 are inserted into
the circulating pipe 32 successively from the outlet 31
toward the inlet 30 along the circulating direction of the
water.

[0067] The third changeover valve 34 is a five-way
valve, and switches the water discharged from the pump
33 to flow in from one direction to flow out to any one of
four directions. In other words, the third changeover valve
34 has a first outlet 36 for returning the water from the
inlet 30 to the tank 4 through the ejector 35, a second
outlet 37, a third outlet 38 and a fourth outlet 39.

[0068] Atankdrainpipe40islinked tothe second outlet
37, and the tank drainpipe 40 joins the pressure-regulat-
ing drainpipe 27 on the downstream side of the check
valve 28.

[0069] An end of the aforementioned heat exchanger
tank water pipe 24 is connected to the third outlet 38.
The other end of the heat exchanger tank water pipe 24
is connected to the upper portion of the dehumidifying
pipe 19.

[0070] An end of a tank water pipe 41 as a recycling
water channel is linked to the fourth outlet 39, and the
other end of the tank water pipe 41 is connected to the
water pipe 8 through the storage portion 7.

[0071] Therefore, it is possible to draw the water from
the tank 4 with the pump 33 and circulate the same
through the circulating pipe 32 by switching the third
changeover valve 34.

[0072] Further, itis possible to draw the water from the
tank 4 with the pump 33 and discharge the same from
the machine through the tank drainpipe 40, the pressure-
regulating drainpipe 27 and the drainpipe 11 by switching
the third changeover valve 34.
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[0073] Further, itis possible to draw the water from the
tank 4 with the pump 33 and supply the same to the de-
humidifying pipe 19 through the heat exchanger tank wa-
ter pipe 24 for performing heat exchange between this
water and the high-temperature humid air in the pipe 19
and cooling and dehumidifying the high-temperature hu-
mid water by switching the third changeover valve 34.
[0074] In addition, it is possible to draw the water from
the tank 4 with the pump 33, feed the same from the tank
water pipe 41 to the water pipe 8 and reserve the same
in the outer tub 5 for recycling the same for the washing
by switching the third changeover valve 34.

[0075] Anozone generator47 is provided in the vicinity
of the tank 4. The ozone generator 47 generates ozone
(ozone gas) by performing creeping discharge on air in-
corporated through an unshown filter. The air passing
through the ozone generator 47 contains the ozone gas.
[0076] According to this embodiment, the air contain-
ing the ozone output from the ozone generator 47 is sup-
plied to the ejector 35 through a first feed passage 53.
The ozone supplied through the first feed passage 53 is
mixed into the circulated water in the tank 4 through the
ejector 35. More specifically, the air containing the ozone
supplied from the first feed passage 53 is mixed into the
water as fine bubbles in the ejector 35, due to a negative
pressure formed when the water passes through the
ejector 35. If coloring matter, an odor component and
various bacteria are contained in the water, these are
oxidized by the ozone, and the water in the tank 4 is
decolorized, deodorized and sterilized.

[0077] When the ozone is continuously supplied to the
water in the tank 4 through the ejector 35, the pressure
in the tank 4 increases following the supply of the ozone,
and the water is extruded from the tank 4 by the supplied
ozone. Not only the ozone but also the air containing the
ozone is output from the ozone generator 47, and hence
this air containing the ozone is mixed into the water as
fine bubbles in the ejector 35. In the fine bubbles mixed
into the water, the ozone disappears in the water due to
oxidation, while the air is gradually reserved in the upper
portion of the tank 4, to pressurize the water in the tank
4. While part of the air in the tank 4 is released to the dry
air duct 16 by the air vent hose 51, the water in the tank
4 is discharged from the housing 2 from the inlet 26
through the pressure-regulating drainpipe 27 and the
drainpipe 11 when the air pressure in the tank 4 rises.
The quantity of the discharged water varies with the quan-
tity of the ozone supplied to the tank 4.

[0078] The discharged water is the water purified by
the supplied ozone, and the ozone has disappeared due
to the oxidation. Therefore, the discharged water is pu-
rified innoxious water.

[0079] As described above, the pressure-regulating
drainpipe 27 and the inner part of the outer tub 5 com-
municate with each other through the overflow pipe 23.
Therefore, the water reserved in the tank 4 is merely dis-
charged in response to the difference between the air
pressure in the tank 4 and that in the outer tub 5, and the



13 EP 1 975 299 A1 14

water in the tank 4 can be prevented from excessive dis-
charge from the housing 2.

[0080] The air containing the ozone generated in the
ozone generator 47 is further supplied to the dry air duct
16 through a second feed passage 54. The supplied po-
sition is the downstream side of the filter 20 in the air dry
duct 16, and the upstream side of the blower 21 (the
suction side of the blower 21). When the blower 21 ro-
tates, the suction side thereof has a negative pressure,
and the air containing the ozone is sucked into the blower
21 through the second feed passage 54. The ozone is
mixed into the air circulated in the dry air duct 16, and
supplied to the drum 3 from the inlet 18. The air is circu-
lated in the dry air duct 16 when the clothes in the drum
3 are dried. Therefore, the ozone is supplied to the dried
clothes, and the odor component and bacterial compo-
nents adhering to the clothes are oxidized by the ozone,
so that the clothes are deodorized or sterilized.

[0081] Thus, the washing machine 1 according to this
embodiment uses the ozone generated in the ozone gen-
erator 47 in two ways. First, the tank 4 reserves the water
used in the drum 3 and the outer tub 5, thereby using the
ozone for purification such as decolorization, deodoriza-
tion and sterilization of the reserved water and decom-
position of dirt. Second, separately from the purification
of the water, the ozone is supplied to the drum 3 during
dry operation, to be used for deodorization and steriliza-
tion of the dried clothes. In other words, the clothes stored
in the drum 3 can be deodorized and sterilized with the
ozone.

[0082] The outer tub 5 storing the drum 3 has the fluid-
tight and airtight structure, and the ozone generated in
the ozone generator 47 circulates between the tank 4
and the outer tub 5 due to such a structure that the tank
4 and the outer tub 5 are connected with each other
through the overflow pipe 23 and the air vent hose 51
but does not leak out from the housing 2. Thus, a safe
apparatus having no inconvenience in use with no ozonic
smell drifting outward can be provided.

[0083] FIG. 3 is a perspective view for illustrating the
internal structure (arrangement/structure of the respec-
tive structural elements) of the lower portion of the wash-
ing machine 1.

[0084] Referring to FIG. 3, the washing machine 1 in-
cludes a base housing 2a constituting the lower outer
shell of the washing machine 1. The base housing 2a is
integrally shaped by resin, for example, and screw legs
81 and 82 for horizontally adjusting the washing machine
1 are provided on the lower ends of the both horizontal
sides of the front portion thereof.

[0085] In the base housing 2a, the tank 4 is arranged
at the center, the filter unit 14 is arranged in the front right
ofthe base housing 2a, the pump 33 and the third change-
over valve 34 as the changeover valve are arranged in
the front left, and the ozone generator 47 as the purifying
means is arranged in the rear right. These respective
structural elements as well as hoses and pipes as water
channels are efficiently incorporated into the base hous-
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ing 2a.

[0086] In other words, the filter unit 14 s arranged on
the front right side of the base housing 2a. The filter unit
14 allows maintenance operation from the front side of
the base housing 2a. In other words, an operating section
75 of the filter unit 14 is exposed along the front surface
ofthe base housing 2a. Thefilter unit 14 has afilter casing
55 longitudinal from the front side toward the rear side,
and an outer tub drainpipe 120 (part of the drainpipe 11)
communicating with the exhaust port 10 (see FIG. 2) of
the outer tub 5 through the exhaust valve 12 is connected
to the center of the upper surface of the filter casing 55.
The water flowing into the filter casing 55 through the
outer tub drainpipe 120 is subjected to first filtration in
thefilter casing 55, and discharged from the base housing
2a through the drainpipe 11. Further, the water is sub-
jected to second filtration in the filter casing 55, and dis-
charged to the exhaust valve 12 through a tank pipe 121
forming the front half of the branch pipe 15 connected to
the depth-side upper surface of the filter casing 55.
[0087] Whether to feed the water flowing out from the
filter unit 14 to the drainpipe 11 or to the branch pipe 15
is switched by the second changeover valve 13 and the
water storage valve 25, as already described.

[0088] While the filter unit 14 includes the filter casing
55 extending from the front side to the rear side in this
embodiment, a low-stage surface 87 is formed on the
front side of the tank 4, and the filter casing 55 is reason-
ably arranged through a space resulting from the forma-
tion of the low-stage surface 87.

[0089] Thefilter casing 55is arranged on the low-stage
surface 87, and hence a tank pipe 121 connecting the
rear upper surface of the filter casing 55 and the water
storage valve 25 with each other is upwardly linked from
the filter casing 55 toward the water storage valve 25.
Further, the rear half of the branch pipe extending from
the water storage valve 25 into the tank 4 extends per-
pendicularly downward. When the water valve 25 is
closed, therefore, no water is reserved in the branch pipe
15, i.e., in the tank pipe 121 and a rear half downstream-
side branch pipe 15b, but the branch pipe 15 can be
maintained clean over a long period.

[0090] The drain for discharging the water from the
tank 4 is the tank drain hose (tank drainpipe) 40 protrud-
ing rearward from the third changeover valve 34 to extend
rightward, this hose 40 is a joint passage of the overflow
channel (pressure-regulating drainpipe) 27 and the
washing tub overflow channel (overflow pipe) 23, and
communicates with the downstream side of the position
where the check valve 28 is provided. Thereafterthe hose
40 joins the drainpipe 11. Therefore, the pressure-regu-
lating drainpipe 27, the drainpipe 11 etc. must be ar-
ranged on the front side of the tank 4, and a space for
setting these drainpipes must be ensured. According to
this embodiment, the low-stage surface 87 is provided
on the front side of the tank 4 as described above, so as
to arrange the pressure-regulating drainpipe 27 and the
drainpipe 11 in the vacant space resulting from this low-



15 EP 1 975 299 A1 16

stage surface 87. Thus, a large number of pipes join one
another, or the branched discharge channel can be so
arranged that the water excellently unstagnantly flows in
the discharge channel.

[0091] A vacant region 92 is formed on the rear right
side of the tank 4. The ozone generator 47 is arranged
through this vacant region 92. The ozone generated in
the ozone generator 47 is supplied to a capillary tube 112
of the ejector 35 through a first supply pipe 53 along with
the air. FIG. 3 omits the second feed passage 54 (feed
passage for supplying the ozone to the circulating air duct
16, refer to FIG. 2) connected to the ozone generator 47.
[0092] FIG. 4 is a perspective view of the ozone gen-
erator 47. While the ozone generator 47 is arranged on
the rear right side of the tank 4 as shown in FIG. 3, FIG.
4 is a perspective view showing the ozone generator 47
arranged in this manner as viewed from the rear side.
[0093] The ozone generator 47 is described in detail
withreference to FIG. 4. The ozone generator 47 includes
a frame 135 and a casing 136 mounted on the upper
portion of the frame 135. The frame 135 has a space 137
therein, and this space 137 is partitioned into an upper
chamber 137a and a lower chamber 137b by a partition
plate 161 provided generally at the vertical center. An
electric circuit board 138 is stored in a lower portion of
the upper chamber 137a. A transformer 139, transistors
140, a capacitor 141 etc. are packaged on the electric
circuitboard 138. The electric circuit board 138 is a power
supply circuit for applying high voltages to ozone gener-
ating electrodes (described later) of the ozone generator
47, while unshown wires are provided in the upper cham-
ber 137a and electrically connected to connecting por-
tions with the ozone generating electrodes facing into the
upper chamber 137a from the upper surface.

[0094] The casing 136 mounted on the frame 135 in-
cludes a case base 142 integrally formed with the frame
135 and a case cap 144 mounted on the case base 142
with a plurality of screws 143. The case cap 144 includes
an air inlet port 145, a first ozone outlet port 146 and a
second ozone outlet port 147. A sponge filter 148 is fitted
in the air inlet port 145, so that, if dust or the like is con-
tained in the air flowing into the casing 136 from the air
inlet port 145, the sponge filter 148 captures the same.
The air inlet port 145 and the first ozone outlet port 146
are adjacently arranged, and both open rightward in FIG.
4. More specifically, the first ozone outlet port 146 opens
on the right end of a rightwardly protruding connecting
cylinder 149. On the other hand, the second ozone outlet
port 147 opens on the upper end of a connecting cylinder
150 protruding upward from the upper surface of the case
cap 144 in the vicinity of the first ozone outlet port 146.
[0095] Further, a check valve 151 is interposed on the
base side of the first ozone outlet port 146, i.e., between
the first ozone outlet port 146 and the treating passage.
The check valve 151 allows the ozone and the air entering
from the air inlet port 145, flowing through the treating
passage formed in the casing 136 and flowing out from
the first ozone outlet port 146 to pass in this flowing di-
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rection, but inhibits the water from penetrating from the
first ozone outlet port 146 to enter into the casing 136.
Thus, the check valve 151 is incorporated into the ozone
generator 47 in relation to the first ozone outlet port 146.
[0096] FIG. 5is a perspective view of the ozone gen-
erator 47 shown in FIG. 4 in a state detaching the case
cap 144.

[0097] FIG. 5 shows the interior of the casing 136. Re-
ferring to FIG. 5, illustrated with a white arrow is a treating
passage 152 formed in the casing 136. The treating pas-
sage 152 is a turnaround passage including a forward
path 153, a backward path 154 and a U-turn portion 155
linking the forward path 153 and the backward path 154
with each other, as shown in FIG. 5.

[0098] Intheforward path 153, afirst ozone generating
electrode 156 extending in the longitudinal direction
thereof is arranged. Also in the backward path 154, a
second ozone generating electrode 157 is arranged, to
extend in the longitudinal direction thereof. In other
words, the two leaves of ozone generating electrodes
156 and 157 are arranged in the treating passage 152 in
series along the air flowing direction. The aforementioned
electric circuit board 138 applies the high voltages in par-
allel to these two ozone generating electrodes 156 and
157 respectively.

[0099] Thus, when observing the first ozone generat-
ing electrode 156 and the second ozone generating elec-
trode 157 from the electric circuit board 138, these two
ozone generating electrodes 156 and 157 are electrically
connected in parallel with each other, and prescribed
high voltages are independently applied from the power
circuit board 138 respectively.

[0100] When grasping the first ozone generating elec-
trode 156 and the second ozone generating electrode
157 as the arrangement structure in the treating passage
152, on the other hand, the two ozone generating elec-
trodes 156 and 157 are arranged in the space in series.
In other words, the first ozone generating electrode 156
and the second ozone generating electrode 157 succes-
sively come into contact with the air with respect to the
air flowing direction. More specifically, the air flowing in
the treating passage 152 flows along the first ozone gen-
erating electrode 156, then passes through the U-turn
portion 155 and thereafter flows along the second ozone
generating electrode 157.

[0101] According to this embodiment, both of the first
ozone generating electrode 156 and the second ozone
generating electrode 157 generate the ozone in the flow-
ing air by creeping discharge. Therefore, the air passing
through the treating passage 152 flows while continuous-
ly coming into contact with the surfaces of the two ozone
generating electrodes 156 and 157, and is discharged
as ozone-containing air having sufficiently large concen-
tration when flowing out.

[0102] Inthe treating passage 152, the two ozone gen-
erating electrodes 156 and 157 are kept in an excellently
isolated state, and a rubber packing 158 is charged into
the portion other than the discharge surfaces, for pre-
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venting jolting.

[0103] Referring again to FIG. 4, fire-retardant and in-
sulating urethane resin is charged into the upper cham-
ber 137a after the electric circuit board 138 is stored and
electrically connected with the ozone generating elec-
trodes 156 and 157 on the connecting portions. The ure-
thane resin is so charged into the upper chamber 137a
that the electric circuit board 138 and the connecting por-
tions arranged therein are resistant against water wetting
and cause no electrical leak.

[0104] The ozone generator 47 is arranged in the
washing machine in the state shown in FIG. 3, and an
end of the first supply pipe 53 is coupled to the connecting
cylinder 149, so that the ozone flowing out from the first
ozone outlet port 146 is supplied to the aforementioned
ejector. Further, an end of the second feed passage 54
is connected to the connecting cylinder 150, in order to
supply the ozone to the dry air duct.

[0105] Inthe ozone generator 47 according to this em-
bodiment, the casing 136 storing the ozone generating
electrodes and the frame 135 storing the electric circuit
components are integrated with each other, and a com-
pact structure is implemented as the whole.

[0106] While the space 137 in the frame 135 is parti-
tioned into the upper chamber 137a and the lower cham-
ber 137b and the electric circuit board 138 is arranged
only through the upper chamber 137a in this embodi-
ment, the overall space 137 may be utilized for storing
the electric circuit board 138 by removing the partition
plate 161 when the electric circuit board 138 is large-
sized or the like. Alternatively, a more compact structure
may be implemented by removing the lower chamber
137b and reducing the vertical size of the frame 135.
[0107] The forward path 153 and the backward path
154 are arranged in the treating passage 152 in parallel,
the total length of the treating passage 152 can be in-
creased without increasing the length of the casing 136,
and the two ozone generating electrodes 156 and 157
are arranged therein in series. Therefore, ozone having
high concentration can be generated.

[0108] Even if either ozone generating electrode 156
or 157 causes defective energization or defective ozone
generation, the remaining ozone generating electrode
generates ozone, whereby the ozone generation is not
completely interrupted but a highly reliable apparatus can
be implemented.

[0109] While the ozone generator 47 according to this
embodiment has been described as that built into the
washing machine 1, the ozone generator 47 is also uti-
lizable for another use. In a case of purifying water with
ozone in a water purifying apparatus, for example, the
ozone generator 47 according to the present invention
is suitable. This is because the ozone generator 47 ac-
cording to the present invention is subjected to the coun-
termeasure against water wetting, and includes the high-
concentration ozone generating mechanism. Further, the
ozone generator 47 is also utilizable for purification of
water in a dishwasher, sterilization and deodorization of
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clothes in a cloth drier and the like.

[0110] The present invention is not restricted to the
aforementioned embodiment, but various modifications
are available in the scope of Claims.

Claims
1. A washing machine comprising:

a housing constituting the outer shell of the
washing machine;

a washing tub provided in the housing for re-
serving water and storing and washing clothes;
a tank provided in the housing for reserving the
water discharged from the washing tub after
used in the washing tub; and

a purifying means for purifying the water re-
served in the tank, wherein

the purifying means includes an ozone genera-
tor for generating ozone by discharge,

the ozone generator comprises:

a casing having an air inlet port, an ozone
outlet port and a treating passage formed
between the air inlet port and the ozone out-
let port;

an ozone generating electrode provided in
the treating passage for generating ozone
by performing creeping discharge on air
flowing through the treating passage;

a frame for holding the casing on an upper
portion;

an electric circuit board arranged in the
frame for performing energization control on
the ozone generating electrode; and

a connecting portion facing into the frame
for connecting the electric circuit board and
the ozone generating electrode with each
other, and

fire-retardant insulating resin is filled in the
frame to seal the electric circuit board and
the connecting portion.

2. A washing machine comprising:

a housing constituting the outer shell of the
washing machine;

a washing tube provided in the housing for stor-
ing and washing clothes; and

an ozone generator for deodorizing and steriliz-
ing the clothes by supplying ozone to the clothes
stored in the washing tub, wherein

the ozone generator comprises:

a casing having an air inlet port, an ozone
outlet port and a treating passage formed
between the airinlet port and the ozone out-
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let port;

an ozone generating electrode provided in
the treating passage for generating ozone
by performing creeping discharge on air
flowing through the treating passage;

a frame for holding the casing on an upper
portion;

an electric circuit board arranged in the
frame for performing energization control on
the ozone generating electrode; and

a connecting portion facing into the frame
for connecting the electric circuit board and
the ozone generating electrode with each
other, and

fire-retardant insulating resin is filled in the
frame to seal the electric circuit board and
the connecting portion.

The washing machine according to Claim 1 or 2,
wherein the casing includes:

a case base forming one side of a case formed
by the upper surface of the frame; and

acase cap detachably attached to the case base
for forming the remaining side of the case.

The washing machine according to any one of
Claims 1 to 3, wherein

at least two leaves of ozone generating electrodes
are arranged in series along an air flowing direction.

The washing machine according to any one of
Claims 1 to 4, wherein

the treating passage includes a turnaround passage
having a first half portion guiding air entering from
the air inlet port to a first direction and allowing the
same to U-turn on an intermediate position and a
second half portion guiding the air to a direction op-
posite to the first direction and discharging the same
from the ozone outlet port.

The washing machine according to Claim 5, wherein
the air inlet port and the ozone outlet port are ar-
ranged adjacent to each other.

The washing machine according to any one of
Claims 1 to 6, wherein
two ozone outlet ports are provided.

An ozone generator for performing purification, ster-
ilization, deodorization etc., comprising:

a casing having an air inlet port, an ozone outlet
port and a treating passage formed between the
air inlet port and the ozone outlet port;

an ozone generating electrode provided in the
treating passage for generating ozone by per-
forming creeping discharge on air flowing
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10.

20

through the treating passage;

a frame for holding the casing on an upper por-
tion;

an electric circuit board arranged in the frame
for performing energization control on the ozone
generating electrode; and

a connecting portion facing into the frame for
connecting the electric circuit board and the
ozone generating electrode with each other, and
fire-retardantinsulating resinis filled in the frame
to seal the electric circuit board and the connect-
ing portion.

The ozone generator according to Claim 8, wherein
at least two leaves of ozone generating electrodes
are arranged in series along an air flowing direction,
and

the ozone generator has a check valve inserted be-
tween the treating passage and the ozone outlet port
for allowing the air to flow from the treating passage
to the ozone outlet port but preventing water from
entering into the treating passage from the ozone
outlet port.

The ozone generator according to Claim 8 or 9,
wherein

the treating passage includes a turnaround passage
having a first half portion guiding air entering from
the air inlet port to a first direction and allowing the
same to U-turn on an intermediate position and a
second half portion guiding the air to a direction op-
posite to the first direction and discharging the same
from the ozone outlet port.
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